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TECHNOLOGICAL DEVELOPMENT OF
THIN FILM SOLAR CELL WITH APPLIED NEW STRUCTURE
( Development of a-Si / poly-Si Thin Film Hybrid Solar Cell)

Yoshihisa Tawada, Hideo Yamagishi, Masataka Kondo, Tadashi Yoshioka, Shinichiro Kurata,
Katsuhiko Hayashi, Hitoshi Nishio, Takayuki Suzuki, Jun Takenaka, Toshiaki Sasai, Katsumasa
Furunaga, Kazuya Wadano, Masaya Yamamoto, Takahiro Matsuda

Kenji Yamamoto, Akihiko Nakajima, Masashi Yoshimi, Yoshifumi Okamoto, Toshinobu Nakata,
Susumu Fukuda, Yoriko Tachibana, Yuko Tawada, Yohei Koi

PV Business Department, Electrical & Electronic Materials Division, KANEKA Corporation

Objectives
Developing high efficiency with low cost a-Si / poly-Si thin film hybrid solar cell.
2000 target: Stable Conversion Efficiency (25cm?) : more than 14%

Work Program

This year's work program and results are summarized as follows.
(1) Developing the fabrication technology of uniform deposition of poly-Si by plasma CVD
(2) Applying to a novel cell structure for fabricating cost-effective high efficiency thin-film

“hybrid solar cells” by combining a-Si with poly-Si unit solar cell.

Results: The average efficiency of 10% for poly-Si cell has been achieved for the substrate size
of over 100x 100 mm. The stabilized efficiency of our developed a-Si:H/poly-Si/poly-Si 3-stacked
solar cell exhibits the efficiency of 12.0%.

Summary
1. Up to FY 1997

Significant progress had been made in thin film polycrystalline Si solar cell on glass



substrate fabricated by plasma chemical vapor deposition (CVD) at low temperature. The cell
with a thickness of 2.0 um, demonstrated an intrinsic efficiency of 10.7% (aperture 10.1%), the
open circuit voltage of 0.539 V and the short current density of 25.8 mA/cm’ as independently
confirmed by Japan Quality Assurance. The stabilized efficiency of our developed a-Si:H/poly-

Si/poly-Si 3-stacked solar cell exhibited the efficiency of 11.5%.

2. For FY 1998
2.1 The performance of poly-Si solar cell with STAR structure

Fig. 1(a) shows the schematic view of our first generation of thin film poly-Si cell with
"STAR Structure”, which means that the cell structure and properties are well characterized by
naturally surface texture and enhanced absorption with a back reflector. One of the characteris-
tics of this cell is its natural surface texture. An AFM image of the top surface of our poly-Si
solar cell with STAR structure shows dendrite-like morphology with a surface roughness of the
order of 0.12 pum for around 4 pum thick cell. Another characteristic of our thin film poly-Si is
expressed by the columnar structure and strong (110) preferred orientation as determined by
XRD.

Fig. 1 (b) shows the schematic view of our second generation of thin film poly-Si cell

with "STAR Structure”, where rough (textured) back reflector is used. This rough back reflector

(a) 1st generation (b) 2nd generation
(Flat Back Reflector)

(Textured Back Reflector
Ag with thinner poly-Si layer)

ITO

Surface

’, vl”lml”lmlm

. buet | reflector
\ Glass

Fig. 1. Schematic view of our proposed thin film poly-Si solar cell with STAR (naturally Surface Texture
and enhanced Absorption with back Reflector) structure. (a ) first generation of poly-Si cell with flat back

reflector, (b) second generation of poly-Si cell with rough back reflector for thinner cell



is useful for thinner cell. Since the feature size of natural surface texture strongly depends on the
thickness of the cell, it is not good enough to give the good light trapping for thinner cell such as
1.5 um. The 2.0 pum thick cell with this new "STAR Structure” demonstrated an intrinsic effi-
ciency of 10.7% (aperture 10.1%), the open circuit voltage (Voc) of 0.539 V and the short cur-
rent density (Jsc) of 25.8 mA/cm?2 as independently confirmed by Japan Quality Assurance.
The uniform deposition is required towards the manufacturing of poly-Si solar cell. The
uniformity of poly-Si cell wad investigated which was shown in Fig. 2. Fig. 2 (a) and (b) shows
the contour map of efficiency for 5 x 5 mm segment (525 points) of poly-Si cell and efficiency
distribution of these segment, respectively. Number in Fig. 2 (a) shows the efficiency. The cell
separation was performed by laser scribing. The average efficiency of 10% for poly-Si cell has

been achieved over the substrate size of 100x100 mm.

100 T T T T

80}
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20
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Fig. 2 (a) and (b) shows the contour map of efficiency for 5 x 5 mm segment {525 points) of poly-Si cell
and efficiency distribution of these segment, respectively. Number in Fig. 2 (a) shows the efficiency, The

cell separation was performed by laser scribing.

2.2 Light trapping of our STAR structure

We had been shown the excellent light trapping of our STAR structure. The cell having
a higher sensitivity at long wavelength was developed.
The quantum efficiency curves of the 1.5 pum thick cells with flat and rough have been

investigated and are shown in Fig. 3. Note that the Jsc of the cell with flat and rough surface



calculated from these curves are 18.5 and 22.1 mA/cm?, respectively. The interference effect is
still observed for 1.5 um thick cell. So far it has not been established that the fabrication technol-
ogy for forming the excellent shape of the back reflector to disappear the interference effect
completely for facilitating the light trapping. However by both optimizing the texture size of
back reflector and increase the thickness up to the 2.1 um, we have been reached to get the
excellent the quantum efficiency curve, which is also shown in Fig. 3 as a new texture. There is
no clear interference effect appeared. Note that the Jsc of the cell with this new texture calcu-
lated from this curve are 25.5 mA/cm?. This high quantum efficiency at long wavelength is well

appreciable for the a-Si/poly-Si stacked cell.

LT T T T =

improved type texture

0.8

0.6

E.QE.

04|

02}

Wavelength(nm)

Fig. 3 The quantum efficiency curves of the 2.1 um thick cell with a new textured back reflector (de-
scribed by the new texture in this figure) together with the previous 1.5 um thick cell of smooth and rough
back reflector (the solid line and dotted line correspond to the rough and smooth back reflector, respec-
tively). There is no clear interference effect appeared. Note that the Jsc of the cell with this new texture

calculated from this curve are 25.52 mA/cm?.

2.3 Temperature dependence and transport properties of poly-Si cell

Temperature coefficient data are also important for practical terrestrial applications ac-
cording to the expected cell efficiency at the operating temperatures. The cell temperature was
determined by a thermocouple attached directly to the cell. Temperature variation during the I-
V scan was less than +0.2°C. The temperature dependence of two kinds of normalized cell

performance and the temperature coefficients are shown in Fig. 4 together with the temperature



dependence of a typical single crystalline Si cell. A different temperature coefficient was ob-
served for poly-Si-1 (2um) and poly-Si-2 (3.5um), respectively. It is not clear that this is due to

the thickness difference. Further systematic experiments will be needed.

100 - 4

0.95 _ e S, -

e : . a, & poly-Sil

= ‘ : : ; AT = I
0.80 - : :

; Cell type | Voc(V) | An/(AT-n)_ :

075 - Hybrid 1.36 -2.68e-3 e

: poly-Sil | 0.515 -4.48¢-3 :

; poly-Si2 | 0.483 -5.36e-3 :

10 20 30 40 50 60 70
Temperature(°C)

Fig. 4 The temperature dependence of three kind of normalized cell pefformance together with the tem-
perature coefficients. The each thickness of poly-Si-1 and poly-Si-2 corresponds to 2.0 um and 3.5 um,

respectively. Hybrid cell shown in this figure represents the a-Si/poly-Si two stack cell.

The SPV measurement reveals the behaviors of the minority carriers of the sola‘r cell
devices. Fig. 5 (a) shows the relationship between the SPV signals and the flux of excitation
light for 1.5 um thick poly-Si device. Our results exhibit that the surface condition is good
enough for the SPV analysis without any passivation treatments, which was guaranteed by the
fact that with increasing wavelengths of excitation light, the obtained SPV values decrease (Fig.
5 (a)). The relationship between SPV value and photon flux excludes the diffusion length of
minority carrier and surface recombination velocity. We estimated the diffusion length of thin
film poly-Si in the low flux region, where the linear relationship exists between SPV values and
the flux of light intensity. Fig. 5 (b) shows the analysis of diffusion length of poly-Si film. The

both diffusion length and the surface recombination velocity were determined by the intercept



and the slope from the linear extrapolation of inverse surface photovoltage / flux vs light pen-
etration depths for 660, 830, 890 and 980 nm at constant SPV value, respectively. The resulting
diffusion length and the surface recombination velocity are 14 um and 2x10*%m/s for 1.5 pm
thick poly-Si, respectively. The obtained diffusion length is beyond the SPV detection limit
(estimated diffusion length is longer than that of thickness). We believe that this linear relation-
ship has some physical meaning and that the obtained diffusion length is the effective diffusion
length which includes the added effect of light trapping.

However, it should be said that the diffusion length is longer than that of the thickness. In
another words, the low temperature poly-Si prepared by plasma CVD gives a device quality of
poly-Si film, which is thought to be performed by both the hydrogen passivation during the

deposition and inactivation of impurity due to the low temperature process.

10 Ll T T ]
e (b) L: 14 (um)
B S: 2x10° (crvs)
R = 6 -
>
& i. 4| i
<
2k =
[l = 1 1 1 1 y 0 ‘/ 2 { r H 1
0 10 20 30 M Sux 16 0 40 80 120
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Penetration depth(um)

Fig. 5 (a) and (b) (a) The relationship between the SPV signals and the flux of excitation light for 1.5 um-
thick poly-Si cell. Note that SPV value is decreasing with increasing the excitation wavelength guaran-
teeing the reasonably good surface condition for the SPV analysis. The minority carrier diffusion length
and surface recombination velocity was evaluated at the low flux region under existing the linear relation-
ship between SPV values and amount of incident flux (shown in solid-bar in this figure). (b) Each open
circle correspond to the SPV values for the wavelength of 660, 830, 890 and 979 nm excitation, respec-
tively. The diffusion length was determined by the intercept from the linear extrapolation of inverse sur-
face photovoltage / flux vs light penetration depth at constant SPV value. The diffusion length of 14 um

and the surface recombination velocity of 2x10* cm/s was estimated.



2.4 Poly-Si fabrication process issues
We are now going to develop the poly-Si and a-Si / poly-Si stacked monolithic

solar-module sized 910 x 455 mm like the a-Si module which has already developed in our
pilot-plant. There are several key factors for our thin film poly-Si cell to be cost effective and
acceptable for large-scale terrestrial applications. Among them, process related key issues are :
how to get (i) high growth rate, (ii) large area and uniform deposition at the same time. First
concerning the deposition rate, we have reached the 6- 10A/sec for getting the device quality of
poly-Si film. Together with the effort of facilitating the light trapping for much thinner cell such
as 1 um thick poly-Si cell, the deposition rate will have to be increased up to 25-30 AJsec, which
leads the reasonably high throughput of poly-Si cell. Second concerning the uniformity of cell
efficiency, the average efficiency of 10% for poly-Si cell has been achieved over the substrate
size of 100x 100 mm as already shown in Fig. 2. We strongly believe that it is possible to fabri-
cate the module sized 910 x 455 mm with keeping the uniformity in future, since the fabrication
of poly-Si is based on plasma CVD. This is our challenge to deposit the device quality of poly-

Si in large area with both high deposition rate and good uniformity.

2.5 Application of a-Si / poly-Si hybrid solar cell
The advantage of a high Jsc for our poly-Si solar cell with STAR structure was applied to

the stacked cell with the combination of a-Si cell. In applying the a-Si cell to the stacked cell we
must pay attention to the stabilized efficiency, since a-Si has a photo-degradation, while a poly-
Si cell is stable. We have prepared three stacked cell of a-Si:H / poly-Si / poly-Si (triple), which
will be less degradation by using the thinner a-Si. We have investigated the stability of both a-
Si:H / poly-Si (double) and a-Si:H / poly-Si / poly-Si (triple) cell. These devices were then
subjected to indoor light soaking under AM1.5, 100 mA/cm?, 50°C, and open-circuit conditions.
The triple cell showed a stabilized efficiency of 12% as shown in Fig. 6. Note that the high
stabilized FF of 76.2% was obtained. Fig. 7 shows the change in the device efficiency during
light soaking at above conditions which shows the very less photodegradation of our 3-stacked

cell.
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Very interested result was obtained for the temperature dependence on cell performance

of a-Si/poly-Si stacked cell, which is shown in Fig. 4. The resulting temperature coefficient of

0.268% is as low as the a-Si cell, which is promising result towards the terrestrial application of

stacked cell.

Future tasks

(1) Obtaining the higher Voc of poly-Si cell by developing the fabrication technology of the

high quality of poly-Si film

(2) Developing an advanced plasma CVD process (e.g. plasma confinement technology) for

large area deposition (over 30x40cm) with high deposition rate (more than 15A/sec) of poly-Si

film.

(3) Optimization of device structure as well as optical and structural design of a-Si:H /i)oly-Si

hybrid solar cell, for increasing its stabilized efficiency.
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